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Database is a very important form of organizational resource and memory. It is crucial 
to understand how users can utilize database systems more effectively, so as to 
enhance user and organizational performance. A major research interest in this area is 
to evaluate and compare user performance across different data models and query 
languages.  
 
This thesis reports an experimental study, which includes two parts. The first part 
focuses on the effects of different data models on user performance in terms of 
accuracy, time and confidence. The experiment compares one data model at the logical 
level (relational model) and two data models at the conceptual level (object-oriented 
model and UML model) for novice users. The results indicate subjects using the 
conceptual-level data model have significantly higher accuracy than subjects using the 
logical-level data model, although there is no significant difference between these 
three models in terms of time and confidence. 
 
The second part of this experimental study addresses another interesting question of 
both theoretical and practical impacts: how much of the performance difference is 
caused by the data model itself, and how much is caused by the additional query 
language syntax? Tests include the relational data model plus a relational query 
language (i.e., SQL) versus the object-oriented data model plus an object-oriented 
query language (i.e., OQL).  With the use of a cognitive model of query processing, 
the experiment measures user performance at both the query translation stage and the 
query writing stage, one where the data model has the major impact, and the other 
where the data model with the query language syntax has the major impact. Results 
show subjects performed significantly better at the query translation stage than the 
query writing stage in terms of accuracy, time and confidence. A major finding is that 
users generally know what data they want (the data model has only a little impact), but 
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they are not good at expressing that in a formal query (the query language with its 
syntactical requirements has a much bigger impact). This applies to both the relational 
and the object-oriented models. 
 
The practical implication of the first experiment results for users and organizations is 
that conceptual interface, by being more accurate for users, will lead to wider and more 
productive data utilization. The second experiment indicates that only about one third 
of the overall query difficulty can be attributed to the model, and the other two thirds 
to the language. So if a very good language can be found that imposes only a little 
syntax difficulty, it could be possible that the overall query writing performance will 
show no difference across models. This remains to be validated by future research. 
 
 
Keywords: user-database interface, relational model, OO model, UML model, 






















1.1 Motivation and Objective 
 
Databases form an integral part of organizational information systems. Whether users 
can make effective use of databases is an important area for research. There has been a 
steady stream of empirical studies in this area. Some recent examples are: an empirical 
study to identify SQL problems through iconic interfaces (Aversano et al., 2002), an 
experiment on effects of normalization on end user query (Bowen and Rohde, 2002), 
an experiment on the effect of ambiguity on query performance (Borthick et al., 2001), 
an experiment on the effect of data model and query languages on query performance 
(Chan et al., 1999), as well as the development of new conceptual query languages 
(Owei and Navathe, 2001) and natural languages for database users (Owei, 2000; Kang 
et al., 2002). 
 
In the era of information competition, a database is a very important form of 
organizational resources and memory. The systems need to store complex and huge 
amounts of data. With the widespread availability of computers and data to not only 
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MIS professionals but increasingly to end users, many of whom are non-computer 
scientists, data access will expectedly remain an important issue. To avoid any 
bottle-necks caused by heavy end-user demand on MIS professionals, thus it is crucial 
to provide database interfaces that are easy for them so as to enhance their job 
performance. To achieve this, we can make use of the data models and query languages 
which are more easily accepted by end users.  
 
Many researches have been done on comparison of data models and query languages, 
to evaluate their relative advantages. Investigations have usually concentrated on the 
two major database tasks: data modeling and data retrieval (query). For example, the 
relational, entity relationship and object-oriented data models have been evaluated for 
their relative effects on data modeling performance (Batra et al., 1990; Bock and Ryan, 
1993; Lee and Choi, 1998; Sinha and Vessey, 1999; Liao and Palvia, 2000). Many 
studies have also been made to compare data models and query languages for their 
relative effects on user query performance (Jih et al., 1989; Yen and Scamell, 1993; 
Chan et al., 1993; Wu et al., 1994; Weber, 1996; Siau et al., 1997). 
 
The earlier research proposes to classify user-database interaction into three 
abstraction levels: physical, logical and conceptual (Chan et al., 1993). Some human 
factor researchers focused on the studies comparing data modeling and query language 
capabilities on different data models. But there are few empirical studies which 
investigate the effectiveness of data models at different query stages. This study 
attempts to explore this gap. Besides comparing across data models, we also analyze 
user query performance within a data model at different query stages (Ogden, 1985; 
Chan et al., 1998). 
 
For experiment studies on modeling performance, there is only one main database 
variable: the data model. Differences in modeling performance can be readily 
attributed to the model (assuming of course that other variables are well controlled). 
For studies on querying performance, the main database variable is a combination of 
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data model and query language. Studies have typically required subjects to write 
queries. The process involves a combination of data model and query language 
knowledge. So far, differences in user query performance have been attributed to the 
combination of data model and query language.  
 
Findings in the literature reports do not tell us whether the data model or the query 
language has more impact on the query performance. This leaves a lingering doubt on 
the interpretation and even validity of the findings. Let us suppose that the query 
performance differences are due mainly to the query language, and just a little to the 
data model. This means that if we can find a better query language for the experiments, 
the advantages found for the other model could disappear. It is important to address 
this doubt over this field of research. This study addresses this issue, and attempts to 
present the relative impact of the data model and the query language on query 
performance. 
 
1.2 Scope of the Study 
 
In our study we compared two data models at the conceptual level with one at the 
logical level. Three data models were chosen for the test: the relational data model for 
the logical level, the object-oriented (OO) data model and the United Modeling 
Language (UML) model both for the conceptual level. For the relational model, we 
used the relational data schema to present the relationship of the data and SQL was 
chosen as its query language (Hoffer, 2002); for the object-oriented model, we used the 
object-oriented data model to present the relationship of data objects and OQL is 
chosen as its query language (Blaha & Premerlani, 1998); for the UML model, we used 
the class diagrams of the United Modeling Language to present the relationship of 
classes and for this model we did not include any query language. There is no 
generally accepted query language for UML (Akehurst & Bordbar, 2001). We 
concentrated on the two factors that affect user performance: data model and query 
language. That is, when users were given a data model, we investigated their query 
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performance in two steps. First, we tested how well users understand the data value 
representation; second, we tested whether they can specify with the query language 
syntax. Thus we evaluated the relative impact of the data model and the query 
language on query performance. 
 
1.3 Organization of the Thesis 
 
This thesis is organized into seven chapters. 
 
Chapter 1 outlines the objectives and proposes the empirical study of the effect of data 
model and query language on user query performance. 
 
Chapter 2 describes a cognitive model of the query process, which is very relevant for 
separating the effect of the data model from the effect of the query language. It reviews 
the existing researches that compare data models and query languages for the query 
task. It provides the foundation for the hypotheses of our study. 
 
Chapter 3 derives the research model from the conceptual framework proposed by 
Reisner (1981). It identifies the relevant dependent variables and formulates the 
research hypotheses relating these dependent variables to independent variables. 
 
Chapter 4 illustrates the research methodology used in this study. It presents the 
experiment design, explains the manipulation of the independent variables and 
describes the measurement of the dependent variables. It also outlines the experiment 
procedure, including training, test, subjects and tasks. 
 
Chapter 5 reports the experiment data analysis and statistical results. It describes the 




Chapter 6 interprets the statistical findings and discusses the implications of the results 
for user database interface research and design. It also interprets the statistical results 
deduced from other marking schemes, which indicates that we can get the same results 
even when marking schemes differ. 
 
Chapter 7 concludes this thesis. It points out the limitations of this study and suggests 
































This chapter describes the conceptual and theoretical foundations behind user studies 
of data models and query languages. It surveys the existing literature on data models 
and query languages relevant to this study and summarizes the important aspects of the 
literature. It is organized into three sections. The first section describes a cognitive 
model of the query process, which is very relevant for separating the effect of the data 
model from the effect of the query language. The second and the third sections review 
the existing researches that compare data models and query languages for the query 
task respectively. 
 
2.1 A Cognitive Model of Database Query  
 
This section provides a cognitive perspective on how the factors, data model and query 
language, influence user query performance. Ogden (1985) proposes a three-stage 
cognitive model of database query: query formulation stage (stage 0), query translation 
stage (stage 1), and query writing stage (stage 2). The model is illustrated in Figure 2-1. 
It should be noted that “query writing” or “query formulation” is used commonly in 
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the literature to refer to stage 1 and 2 together, and “problem statement/description” 
often refers to stage 0. This paper follows the tradition for the usage of “query writing” 
and “query formulation”, and uses “query writing stage” and “query formulation 
stage” to refer to these stages of this model.  
 Figure 2-1. Cognitive Processes in Answering the Test Queries 
 
For the query formulation stage, users decide what data they need. One example is “I 
need to know the names of employees who work in the sales department.” This stage 
just uses the knowledge of the application domain. In experiments on query 
performance, this stage is usually given by the experimenter.  
 
In the query translation stage, users use the output of stage 0 as input, and decide what 
elements of the data model are relevant, and the necessary operations. One example of 
the output of this stage is “The employee relation (or class) is needed, the column 
name is to be selected, and a restriction of working in the sales department must be 
specified on column department, and I need to check the department relation (or 
class).” This output need not be written down. It is usually left in the mind of the users. 
Cognitive Model 
Query Formulation Stage 
Query Translation Stage 
(Data Model, Operation Semantics, 
without Operation Syntax) 
Query Writing Stage 
(Data Model, Operation Semantics, 








Specifics of the query language are not considered at this stage. Data operations such 
as joins, selection and projection are a part of the data model, and can be expressed 
differently in different languages for the same data model. The same operation can be 
expressed in different textual forms, e.g. relational algebra, relational calculus, or SQL, 
or even in visual form, e.g. QBE. 
 
In the query writing stage, users have to phrase the query according to the query 
language syntax and the data model presented in the interface. This stage is heavily 
dependent on the particulars of the query language, e.g. the keywords, and order of the 
operations and statements. By measuring user performance of stage 1 and stage 2, we 
can determine the impact of the data model and the query language plus data model on 
query performance at different query stages. 
 
Card et al. (1983) summarize the literature on human cognition and propose the Model 
Human Processor (MHP), which is divided into three interacting subsystems: (1) the 
perceptual system, (2) the cognitive system, (3) the motor system. The perceptual 
system consists of sensors and associated buffer memories. The cognitive system 
receives symbolically coded information from the sensory image stored in its working 
memory and uses previously stored information in long-term memory to make 
decisions about how to respond. The motor system carries out the response. This 
model indicates the process of problem solving of human beings. They first come 
across a problem, then they use their own knowledge to analyze it and organize the 
solution in their own mind, and finally their minds send away orders to take action. 
The cognitive system covers both stage 1 & 2, and the motor system only comes in at 
typing out the SQL (or OQL) query with the keyboard. 
 
Smith (1989) develops a model of problem definition (i.e., problem formulation) that 
consists of three stages: recognition, development, and exploration. The recognition 
stage involves the identification of the gap that exists between the current and desired 
states. The development stage focuses on elaborating the problem situation. Competing 
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problem perspectives emerge and relevant knowledge of the problem situation is 
generated. A comprehensive working definition of the problem is proposed during this 
stage. The exploration stage identifies possible directions for the analysis to follow. 
Problem boundaries are identified, as well as inherent constraints and difficult aspects. 
Potential methods for achieving a problem solution are generated. Smith’s problem 
definition model indirectly helps to explain the stages in cognitive model shown in 
Figure 2-1. Writing a query can be regarded as a particular problem definition; query 
statement stage is similar to recognition stage because it involves the identification of 
the gap that exists between the natural language statement and required query language 
statement; a comprehensive working definition of the query sentence is proposed 
during query translation stage which is corresponding to development stage; and 
finally query writing stage is corresponding to exploration stage since all the solution 
are generated at this stage.    
 
The cognitive model from Ogden (1985) is consistent with other query models in the 
literature. For example, Mannino (2001) (Figure 2-2) proposes a similar model of 
database query with two steps for users to organize the query syntax. One step is from 
the problem statement to the database representation, which involves a detailed 
knowledge of the tables/objects and relationships and careful attention to possible 
ambiguities in the problem statement; another step is to translate the database 
representation into the database query language statement, which requires users to 
develop an allocation of statements for each kind of relational algebra operator using a 
database that they understand well. He also emphasizes that users should pay attention 
to three critical questions when they translate a problem statement to a database 
representation: 1. what tables/objects are needed; 2. how are they combined; 3. does 
the output relate to individual rows or groups of rows. This step is equivalent to the 
query translation stage in Figure 2-1. Correspondingly, step 2 is the equivalent of the 




Figure 2-2: Mannino’s Query Model  
 
Furthermore, Reisner (1977) proposes a model that is also similar. The model (Figure 
2-3) states that a user will generate a set of lexical items, which are “created by a 
(human) process which transforms the English sentence into the relevant query 
components” (p226), and the user will also identify or generate a query template. The 
lexical items will then be merged with the template to form the final query. Generation 
of the lexical items corresponds to the query translation stage – the identification of 
data structures and operations needed for the query. Generation of the template and 





Representation Database Language Statement 
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Figure 2-3: Reisner’s Template Model of Query Writing, modified for SQL 
(Ф means projection) 
 
There are also some other related cognitive models that are quite similar to Odgen’s 
model. Longstaff (1982) proposes to utilize a two-level logical view of data. Level 1 
— is where information pertaining to the functioning of the enterprise is modeled in 
the form of entities, categories, relationships, attributes and value sets. The name of 
them and the phrases expressing the semantics of relationships are used to construct 
the natural language sentences. Level 2 — is where data from level 1 objects are 
modeled as three types of relations: entity relations, category relations, and 
relationship relations. The names associated with entity/category relations correspond 
to the names associated with their level 1 counterparts, and each tuple contains data 
pertaining to a single entity or category. According to the two-level data model, he then 
suggests “a simple and workable model of query formulation” (p112): queries are 
formulated by the user in level 1 term; and the queries are then programmed against 
level 2 database descriptions. This model does not consider instances or operations, so 
Problem description: 
“What products were ordered?”
Template generation: 
SELECT       
FROM      ,        








FROM PRODUCTS, ORDERS 
WHERE PRODUCTS.PRODNO=ORDERS.PRODNO 
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it is as detailed as Ogden’s model. 
 
There is another model which is also similar to Ogden’s model. Jarvelin et al (2000) 
introduce a high-level visual query language, called classification query language. All 
query formulation in this language is QBE-like — based on the intuitive way of filling 
constants and sample values into the skeletons. They claim that the classification query 
language query translation is “based on a two-phase template-driven translation 
technique” (p45). In the first phase, the form-based visual user query is translated into 
a set of templates, which are textual equivalents of the visual query components. In the 
second phase, the template structure is used to drive, through a recursively defined 
process, a nested expression consisting of the operations.. 
 
Ogden’s cognitive model also has support from system implementation research. The 
stages can be seen in research that changes a query from one language to another, e.g. 
in natural language query processing (Androutsopoulos et al., 1995; Galatescu, 2001; 
Kang et al., 2002), or in mapping an object-oriented query into a relational query 
(Papakonstantinou et al., 1995; Qian and Raschid, 1995; Wong and Luk, 1996; Yu et 
al., 1995). As proposed in Androutsopoulos (1995), a natural language query is 
changed to a database language query in two stages (refer to Figure 2-4): first, the 
question is translated into a meaning representation using linguistic knowledge, which 
is then mapped into a database language query. In addition, Kang et al. (2002) 
proposes a linguistically motivated database semantics representation for a target 
database which provides indirect bridges between a natural language and a physical 
database. The system proposed by them identifies the data elements required, and form 
the query using syntax knowledge. This can be seen as a computer implementation of 
Odgen’s cognitive model and it uses a computer to do the query translation instead of 




Figure 2-4: General Natural Language Database Interface System Architecture 
 
Some of the researches also show that partial query stages are implemented by systems, 
e.g., the query translation stage is fulfilled by the end-users, while the query writing 
stage is fulfilled by the system. Vesper and Shamkant (2001) propose a conceptual 
query language, which uses the relationship semantics of semantic data models to 
render transparent the technical complexities of existing database query languages. 
They pronounce that using such a conceptual query language, the cognitive burden 
end-users experience in formulating database queries is reduced by migrating much of 
this task to the underlying database management systems. The users are only required 
to specify the entities and conditions explicitly mentioned in the query statement for 
query formulations. The system QFSS (Query Formulation Surrogate System) 
proposed by them provides users with helpful information on the schema concepts and 
constructs, and the users just need to click on the item about which information is 
needed. Then the system uses semantic information about the schema. This 
information is in the form of the semantic roles played by schema entities in their 















language of the underlying database management systems, which processes the query. 
The whole processing performed by the systems involves a model transformation as 
well as the query writing stage. 
 
Experiments on query performance have measured user performance after stage 2. 
Chan et al. (1998) also used this cognitive model to describe the factors that influence 
user performance. They suggest that the performance at the query translation stage is 
better than at the query writing stage, but they do not have any experiment 
confirmation. Thus the findings from the literature cannot indicate the relative impact 
of the data model and the query language. In our experiment, we conduct the 
experiment to investigate user query performance after stage 1. Subjects need to select 
the exact answer of the query directly from the interface, where the data instances are 
abstracted completely (for the relational model we present the data using relational 
tables; for the OO model we present the data using data objects; for the UML model 
we present the data using instances diagrams). By measuring user performance after 
stage 1, and after stage 2, it is possible to have a better understanding of the relative 
impact of data model and query language.  
 
2.2 User Database Interface 
 
Different types of users have different roles in the database systems, so the term “user 
interface” may have different meanings to them. Among the four categories of 
database users: database administrators, database designers, end users, system analysts 
and application programmers, the end users category fall into our research scope. 
 
In the past, end users used to refer to users who occasionally access the database. With 
the advent of distributable computing, computer applications are increasingly 
developed by the people who have direct need for them in their work. Development of 
applications by end-users is a particularly widespread phenomenon.  
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Instead of the development of information systems by trained and experienced 
specialists, end users tend to develop their information systems on their own. This 
trend raises numerous questions concerning the efficacy and hidden cost of such 
systems which may be poorly designed because of the users’ lack of expertise (Batra et 
al., 1990). Most information systems nowadays are based on DBMS and fourth 
generation languages. Therefore, the data model and query language turn into the 
essential tools for end users to design and access the systems. Fortunately many data 
models are available. Among them are the traditional data models (relational, 
hierarchical, and network data models) and various semantic data models such as the 
ER model. Correspondingly, a variety of query languages have been presented for 
these models. An important issue is the usability of these data modeling facilities and 
data manipulating tools.  
 
According to the Hutchins et al. (1985) human-computer interface model, directness 
distance exists between a user’s goals and knowledge of the application domain, and 
the level of description provided by the systems with which the user must deal. 
Directness refers to an impression or a feeling resulting from interaction with an 
interface while distance is used to describe factors which underlie the generation of the 
feeling of directness. The amount of user cognitive effort to manipulate and evaluate a 
system is directly proportional to this distance. Figure 2-5 is an adaptation of this 
model in the context of database design. The model explains the relationship between 
the cognitive effort required to accomplish a task and the distance between the user’s 
goals and the way these goals must be specified to a system. There are two forms of 
distance: semantic and articulatory. Semantic distance concerns the relationship 
between the meaning of an expression in the interface language and what the users has 
to say, that is, it reflects the relationship between the user intentions and the meaning 
of the data model. It is related to the distance between the semantics about real world 
and the meaning of constructs provided by the data model. Articulatory distance 




Figure 2-5: Semantic and Articulatory Distance in Data Modeling 
 
According to Chan et al. (1993), user-database interfaces are classified into abstraction 
levels based on the concepts that they use. There are three main levels－the physical, 
logical, and conceptual level. The physical level is the lowest, while the conceptual 
level is the highest. Figure 2-6 shows these levels. At the lowest level, the physical 
level, the user must know the details of the data structures in the computer memory. A 
query will typically involve some specification and tracing of physical pointers.  
 
The logical level deals with logical data. The physical storage is hidden. The users 
must know the layout of the logical data and the possible, and normally unspecified, 
relationship among data elements. With the logical interface, the knowledge will need 
to be forced into its representational conventions in an artificial and uncomfortable 
way that is understandable to the system. In other words, the users have to map their 
real world variables (i.e., objects and relationships) to those that are used by the system 
(e.g., relations).  
 










 is supposed to know the user’s world of entities and relationships. There are no logical 
pointers for the user to trace. The users express the concepts in the domain in the same 
way that they think about them. The interface allows the user to use concise and 
























－ Concepts in the user’s world 
 
－ Concepts in the database world 
 
－ Concepts in the computer memory 






Figure 2-6: Levels of User-Database Interface 
3 Data Model and Query Language 
.1 Data Model 
data model is an organizing principle that specifies particular mechanisms for data 
rage and retrieval. The model explains, in terms of the services available to an 
erfacing application, how to access a data element when other related data elements 
 known. The data model is defined as having three components: the data model 
ucture, the operations and any constraints on the operations (Codd, 1980). The 
erations could be expressed in different languages. 
is an abstraction that presents the database structures in more understandable terms 
n raw bits and bytes. A popular classification of data model layers recognizes three 
stractions (Maciaszek, 2001): (1) external (conceptual) data model, (2) logical data 
del, and (3) physical data model. The external schema represents a high-level 
nceptual data model required by a single application. Because a database normally 
pports many applications, multiple external schemas are constructed. They are then 
egrated into one conceptual data model. The logical schema provides a model that 
 18
reflects the storage structures of the database management system. It is a global 
integrated model to support any current and expected applications that need access to 
the information stored in the database. The physical schema is specific to a particular 
database management system. It defines how data is actually stored on persistent 
storage devices, typically disks. The physical schema defines such issues as the use of 
indexes and clustering of data for efficient processing. In our study, we focus on 
comparing logical data model (relational data model) and conceptual data model (OO 
and UML model).  
 
Both conceptual and logical database schemas address database design (Sinha & 
Vessey, 1999). A logical schema is represented as text, which is unidimensional in 
nature. A fit does not exist, therefore, between the cognitive process emphasized in the 
task and that emphasized in the representation. The relational model uses tables to 
organize the data elements. Each table corresponds to an application entity, and each 
row represents an instance of that entity. Relationships link rows from two tables by 
embedding row identifiers from one table as attribute values in another table. The 
relational model (Melton & Simon, 2002) simply presents the real world as a group of 
flat structure relations. Associations are represented by embedded foreign keys.  
 
On the other hand, a conceptual schema is represented by a diagram, which is 
two-dimensional in nature and which, therefore, supports the database design process, 
i.e., a fit exists between the cognitive process emphasized in the task and that 
emphasized in the representation. The object-oriented model represents an application 
entity as a class (Johson, 1997). A class captures both the attributes and the behavior of 
the entity. Within an object, the class attributes take specific values, which distinguish 
one from another. The object-oriented model does not restrict attribute values to the 
small set of native data types usually associated with databases and programming 
languages, such as integer, float, real, decimal, and string. Instead, the values can be 
other objects. This model adopts three types of abstractions: classification, 
generalization and aggregation abstractions (Booch, 1994). The classification 
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abstraction is used for defining one concept as a class of real world objects; an 
aggregation defines a new class from a set of other classes that represent its component 
parts; a generalization defines a subset relationship between the elements of two or 
more classes.  
 
UML is an object modeling language, so the UML model has many similarities with 
OO model. UML (Warmer & Kleppe, 1998; Kovacevic, 1999) defines many types of 
diagrams. In our experiment, we use the class diagrams of UML to present the data 
model. It has denotations of classes, inheritance aggregation and association. It also 
defines association class having its own attributes which can not be denoted in OO 
model.  
 
Table 2-1 summarizes the characteristics of the 3 data models. The last two columns 
outline two further distinctions. First, each model uses a particular style of access 
language to manipulate the database contents. Some models employ a procedural 
language, prescribing a sequence of operations to compute the desired results. Others 
use a non-procedural language, stating only the desired results and leaving the specific 
computation to the database system.  
 
A second distinction concerns the identity of the data elements. Within a database, an 
application object or relationship appears as a data element or grouping of data 
elements. The object-oriented, UML models assume that the object survives changes 
of all its attributes. These systems are record-based. A record of the real-world item 
appears in the database, and even though the record’s contents may change completely, 
the record itself represents the application item. As long as the record remains in the 
database, the object’s identity has not changed. By contrast, the relational model is 
value-based. They assume real world item has no identity independent of its attribute 
values. The content of the database record, rather than its existence, determines the 
identity of the object represented. 
 
 20






Relational Tables Identifiers for rows of 
one table are embedded 












related objects are found 
within a given object by 
recursively examining 
attributes of an object 











related classes are found 
within a given class by 
recursively examining 
attributes of a class that 




Table 2-1: Comparison of Three Data Models 
 
 
2.3.2 Query Language 
 
A survey of query languages by Portier et al. (1996) gives five categories of query 
languages: (1) natural languages, (2) extensions of SQL, (3) tabular languages: use of 
skeletons or forms, (4) graphical languages: use of symbols, which are only graphical 
conventions and (5) visual languages: use of visual metaphors (e.g., icons, blackboard 
metaphor and map-overlay metaphor). In our study, the query languages are both from 
the formal textual category, so as not to introduce other factors, such as formal textual 
vs. visual, or formal textual vs. natural language. Specifics of the query language are 
not considered at the query translation stage. Data operations such as join, selection 
and projection are a part of the data model, and can be expressed differently in 
different languages for the same data model. The same operation could be expressed in 
different textual forms, e.g. relational algebra, relational calculus, or SQL, or even in 
visual form, e.g. QBE.  
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For the relational database, SQL is as a universal query language which is easy to use 
and widely accepted by the users. It is the ANSI and ISO standard for the relational 
model (Date, 1987; Date, 2001; Hoffer et al., 2002; Negri et al., 1991; Ramakrishnan 
and Gehrke, 2000).  
 
However, there is no widely used uniform query language for most commercial object 
databases. The earlier generations of OODBMS did not provide any special support for 
queries. But now there are some changes. Carey et al. (1996) described the design and 
implementation of PESTO, a user interface that supports browsing and querying of 
object databases, which allows users to navigate the relationships that exist among 
objects. Manoj et al. (1997) described the design and implementation of QUIVER, a 
graph-based visual query language for an object database. Urban et al. (2001) proposed 
a generic graphical query language for object-oriented databases ─ called Unified 
Query By Example(UQBE), based on the ideas of Zloof’s Query-By-Example, and 
using UML-like diagrams as schema notation. In our experiment, OQL is used for 
accessing OO data model. OQL is a SQL-like language. Although OQL is a relatively 
new query language compared with SQL and the early researches just focused on the 
prototype of OQL, it has been explored in recent years and now it is getting more and 
more mature. There have been new version standards for OQL (ODMG2.0, 1997; 
ODMG3.0, 2000). The differences between OQL and SQL lie in the different 
expressiveness of the query language for capturing and enriching abstractions with 
operators. Based on different abstractions, OQL can capture semantic relationships 
more directly. The functionalities of OQL are enhanced with additional operators such 
as path expression, and class restriction operators placed before the multivalued 
attributes.  
 
There is also no widely used uniform query language for UML model. UML is the 
OMG’ (OMG, 2001) standard for object oriented modeling and it has become the 
standard for specifying OO systems. It sustains many aspects of software engineering, 
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but it does not provide explicit facility for writing queries. So for this model, we do not 
include the query writing stage. 
 
2.4 Empirical Studies of Data Models and Query Languages 
 
Various studies on the evaluation and comparison of data models and languages have 
been conducted in the past decade. There are two main streams. One is the category 
that compares logical models with conceptual models. Another one is the category that 
compares conceptual models. Prior research addresses different logical and conceptual 
models in various combinations and permutations. There are three outstanding data 
models. Most experimental studies have chosen the relational model as the logical 
models for comparing with other models, and most have chosen the ER model or OO 
model as the typical conceptual models to do the comparisons.   
 
Following Table 2-2 shows some empirical studies in the past decade that compare the 
relational and ER models. 
 
Batra et al. (1990) compared novice user performance on the task of database design 
using the ER model and the relational model and reported that the ER model led to 
significantly better user performance in modeling binary and ternary relationships. 
 
Chan et al. (1993) compared the conceptual level versus logical level using the ER 
model and an ER query language (Knowledge Query Language) at the conceptual 
level, and the relational model and SQL at the logical level. They concluded that 
conceptual level was better than the logical level. 
 
Siau et al. (1995) compared the effects of conceptual and logical interfaces on the 
visual query performance of end users. Their study showed that users of the conceptual 
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interface (ER model with QBE query language) achieved higher accuracy, were more 
confident in their answers, and spent less time on the queries than users of the logical 
interface (relational model with VKQL query language) in initial test, retention test 
and relearning test. 
 
Study Data Model/ 
Query Language 
Task Performance Findings 
Batra et al. 
 1990 
Relational & ER Data 
Modeling 
Accuracy ER was better 
than the relational 
on modeling 
binary 1-n, n-n 
and ternary 1-n-n 
relationships. 
Chan et al. 
 1993 
Relational & ER 







(ER) model was 




Siau et al. 
 1995 
Relational & ER 














Relational & ER Data 
Comprehension 
Accuracy ER representation 
for data structure 
comprehension 
task was superior. 
Chan et al. 
 1998 








ER was better 
than the relational 
model;  
Visual language 











ER was superior 
to the relational 
model in many 
areas.  
Table 2-2: Empirical Study comparing relational & ER model /language 
 
Leitheiser and March (1996) compared several variations of the relational and ER 
model representations and found support for the superiority of entity-based 
representations for data structure comprehension tasks.  
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Chan et al (1998) investigated the effect of ER versus relational models, and textual 
versus visual query languages for user-database interfaces. They reported that the ER 
model was better than the relational model in terms of accuracy, time and accuracy; 
visual query language was better than textual query language. 
 
Liao and Shih (1998) investigated the effects of data models and training on data 
representation. Their results showed the ER model to be superior to the relational 
model in many areas.  
 
There are a few empirical studies which compare the relational model with the OO 
model. These are shown in Table 2-3. 
 
Study Data Model/ 
Query Language 
Task Performance Findings 
Palvia 
 1991 






relational model.  
Wu et al. 
 1994 
Relational & OO 








OO was better 
than relational 
model for both 
tasks.  
Table 2-3: Empirical Study comparing relational model & OO model 
 
Palvia (1991) reported that end-user’s experience with the OO model outperformed 
that with the relational model in terms of comprehension, efficiency and productivity. 
 
Wu et al. (1994) analyzed the different denotations of OO data model and relational 
data model and their experiment result showed that the OO model is better than the 
relational model in terms of accuracy, time and confidence for both query reading and 
query writing tasks. 
 
Table 2-4 presents some empirical studies comparing models at the conceptual level, 
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such as the ER model and the OO model.  
 
Study Data Model Task Performance Findings 
Palvia et al. 
 1992 
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and easier–to-use 



























ER surpassed OO 
for unary and 
ternary 
relationships; ER 
took less time 
than OO and was 
preferred by 
designers.  
Table 2-4: Empirical Study comparing OO model & ER model 
 26
 
Palvia et al (1992) found that user performance was much superior in terms of 
comprehension, efficiency and productivity using OO model than the data structure 
diagram or ER model. The superior user performance for OO model diminished with 
increased computer and database experience. 
 
Bock and Ryan (1993) reported a comparison of OO model and ER model from a 
designer perspective. They examined correctness of design for eight types of 
constructs: objects/entities attribute identifiers, inheritance relationships, unary 1:1 
relationships, binary 1:n and m:n relationships, and ternary m:n:1 and m:n:p 
relationships. Their experiment involved two groups of students who studied and then 
experimented with one of the two models. Their results indicated that the ER model 
was better when representing attribute identifiers, unary 1:1 and binary m:n 
relationships, while there are no significant differences for the other dimensions. They 
also found no difference in time to complete the tasks. 
 
Shoval and Frumermann (1994) compared ER and OO models with respect to user 
comprehension. They examined comprehension of various constructs of the models, 
including different types of relationships. While they found no significant differences 
in comprehension of entities/objects, attributes and binary relationships, they found 
that ER schemas are more comprehensible for ternary relationships because ER 
represents relationships with a specific (diamond) symbol that connects the involved 
entities. In contrast, all objects classes in OO－including those that represent ternary 
relationships － appear the same (rectangles), thus perhaps ‘hiding’ semantic 
information from users.   
 
Although most literature would suggest that the OO model would produce a more 
understandable and easier-to-use model, Hardgrave and Dalal (1995) reported that the 
majority of the results of their experimental study did not support these contentions. 
Their results indicated that the only difference between the two techniques is in the 
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time to understand—the OO model is significant faster for both simple and complex 
problems.  
 
Liao and Wang (1997) reported that the OO model provides significantly better 
modeling correctness for several constructs. They also showed transfer of learning 
between the ER and OO models. 
  
Shoval & Shiran (1997) compared the ER and OO models, and found that the ER 
model surpassed the OO model in designing unary and ternary relationships, it takes 
less time to design the ER model, and that the ER model is preferred by designers. 
 
There are very few empirical studies to compare three data models together. Table 2-5 
shows two such empirical studies. 
 



















OO was superior 















ER and OO were 
better than the 
relational for data 
model design and 
the relational and 
OO were better 
than ER for unary 
1-1 relationships. 
Table 2-5: Empirical Study Comparing Relational, OO & ER model 
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Sinha and Vessey (1999) examined end-user performance with conceptual and logical 
data models in the context of the database development life cycle. The ER model vs. 
the relational model and the object-oriented diagram (OOD) vs. the object-oriented 
text (OOT) models were assessed on the accuracy of modeling entities / classes and 
attributes, association relationships and generalization relationships. Their experiment 
results indicated that the conceptual models (ER & OOD) were more effective than the 
logical models (ER &OOT) for representing all types of constructs.  
 
Liao and Palvia (2000) investigated similarities and differences in the quality of data 
representations produced by end-users using the relational, ER and OO models. The 
ER and OO models scored much higher than the relational model in correctness scores 
of binary one-to-many and binary many-to-many relationships, but only the ER model 
led to significance. The OO model required significantly less time for task completion 
than the ER model.  
 
There are several theoretical studies providing a comprehensive comparison between 
an object query language and a relational query language (Carey et al., 1988; 
Bancilhon et al., 1989; Kim, 1989; Alashqur et al., 1989; Bertino et al., 1992). But 
there is only one empirical study on the comparison of an object query language and a 
relational query language. Wu et al. (1994) conducted a laboratory experimental study 
to compare an object query language and a relation query language for novice users. 
The study showed that subjects using object query language performed significantly 
better than subjects using relational query language for query writing in terms of time 
and accuracy and for query reading in terms of time, confidence and accuracy. 
 
There are no studies which compare the UML model with other data models. This 
might be because the UML is a standard modeling language (Booch, 1998; Rumbaugh, 
1999), which aims to become a common language for creating models of object 
oriented computer software. So now there is no widely used query language to directly 
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access its data model. We include this model in our experiment and want to give some 
suggestions for further research on exploring new databases and query languages. 
 
In summary, the survey shows slight support that the model at the conceptual level will 
be better than the model at the logical level. So we hypothesize that the OO model and 
UML will be better than the relational model. There is some support that the OO model 
is better than the relational model but there is no existing study that compares the UML 
model with other data models. There is also no existing study on testing user 























Chapter 3:  
 
Research Model and Hypothesis 
 
This chapter describes the research models used in this study and formulates the 
research hypotheses. It is organized into two sections. The first section describes the 
research models linking the independent variables and the dependent variables. The 
second section formulates the research hypotheses based on theoretical and conceptual 
foundations. 
 
3.1 Research model 
 
The research model for this empirical study is shown in Figure 3-1. The performance 
of a database user is influenced by four factors: data-model, task-nature, user and 
system characteristics. This research model was adapted from Reisner (1981), where a 
survey of laboratory studies on comparison of query languages used frequently 
suggests the following factors: task, data model, user characteristics as the factors 
affecting user performance. A literature survey of empirical studies revealed that, when 
measuring user performance, it is necessary to add a fourth dimension to Reisner’s 
model: the physical characteristics of the database system (Chan et al., 1993). Some 
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The data model refers to the data model structure, the operations and any constraints 
on the operations. It affects the way a user views and manipulates the data in the 
database.  
 
The task refers to the type of the problem such as retrieval or update and also to the 
difficulty of the task such as simple or complex. For this study, there is the query task, 
measured at two stages. The first stage is query translation, i.e., instances are presented 
directly in the interface, and users are asked to select the query result in the interface. 
Thus we test their understanding of the data value representation. The second stage 
requires the users to write down the query syntax. Thus we test whether they can 
specify with the query language. Both stages cover the same query questions.  
 
The system characteristics refer to the physical aspects of the database system. One 






















－conceptual level  
(OO Model 
& UML Model) 
－logical level  
(Relational Model) 
Figure 3-1. The research model 
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input/output devices used. Another aspect is “dialogue style”, which includes the 
question/answer approach, command languages, menus, icons, graphical 
representations, and “fill in the blanks”.  
 
The user characteristics refer to the individual differences such as age, intelligence, 
computer knowledge, experience, or some other personal characteristics.  
 
For this experiment, these four factors were either manipulated or controlled. Details 
of these measurements are explained in the later sections. 
 
3.2 Research hypotheses 
 
Based on the above discussions on factors that influence user performance, there is 
evidence to suggest that the conceptual level models will lead to better user 
performance than the logical level model (relational), at least for the query writing 
stage. Thus we expect the OO model and UML model (which are the conceptual level 
models) to lead to better user performance than the relational model (which is the 
logical level model). H1a, H2a and H3a hypotheses are made. 
 
So far, no studies have measured performance for the query translation stage. As the 
query writing stage requires additional efforts on syntax specification, we expect the 
query translation performance to be better than the query writing performance. H1b, 
H2b and H3b hypotheses are made. 
 
Three aspects of user performance are measured ─ query accuracy, query time taken 
and user confidence. The following summarized our hypotheses, which are also 
illustrated in Figure 3-2. 
 

























(across model + 
query syntax) 
Hb  (effect of query syntax) 
accuracy than subjects using the model at the logical level for both stages. 
H1b: Query translation accuracy will be higher than query writing accuracy for each of 
the model. 
H2a: Subjects using a model at the conceptual level will take less time than subjects 
using the model at the logical level for both stages. 
H2b: Query translation time will be less than query writing time for each of the model. 
H3a: Subjects using a model at the conceptual level will be more confident than 
subjects using the model at the logical level for both stages. 
H3b: Subjects confidence of the query translation task will be higher than their 
confidence of the query writing task for each of the model. 
(Performance is measured by accuracy, time taken and confidence) 















This chapter describes the research methodology used in this study. It is organized into 
three sections. The first section illustrates the experiment design. The second section 
describes the experiment variables, including independent variables and their 
manipulation, dependent variables and the techniques for measuring them. The third 
section illustrates the experiment procedure. 
 
4.1 Experiment Design 
 
A laboratory experiment was conducted to determine the effects of the data models / 
query languages on user performance. The experimental plan and the number of 
subjects who completed the experiment are summarized in Table 4-1. Each subject in 
the relational model group and the OO model group performed both stages, while 
different model / query language used different subjects. Subjects in the UML model 
































4.2 Experiment Variables 
 
(1) Independent Variables 
 
The independent variable is the abstraction level of the data model / query language. 
The data abstraction level is set to be either the conceptual level or the logical level. 
The conceptual level subjects used the OO model with OQL and UML model with no 
query language; the logical level subjects used the relational model with SQL.  
 
The relational model with SQL was selected because the relational model is the most 
widely used model; SQL was chosen as it is the ANSI and ISO standard for the 
relational model (Date, 1987; Ramakrishnan and Gehrke, 2000; Hoffer, 2002). The OO 
model with OQL was selected because OO model is a typical model of ODBMS; OQL 
was chosen as it is a query language proposed in the standard ODMG-93 as a tool for 
declarative access to access an ODBMS (Subieta, 1997; Blaha & Premerlani, 1998; 
Jordan, 1998; Harrington, 2000). UML data model (Warmer & Kleppe, 1998) was 
selected as another data model for object database systems. No query language for 
UML model was used in the test because UML has yet not provided explicit facility for 
writing queries. 
 
All subjects answered eight queries. The queries covered a comprehensive range from 
Table 4-1. Experimental Design 
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the very simple to the very difficult. The primary research interest was in the overall 
query performance. The 8 queries chosen covered the following semantic 
specifications: 
 Single entity 
 Two entities (of different types) connected by a relationship 
 Attribute condition 
 Two instances of the same type 
 Counting of relationships 
 The quantifiers for where, exist and not exist 
These cover all the basic queries that are commonly made on the relational model and 
OO model (Connolly and Begg, 2002; Rob & Coronel, 2002).  
 
(2) Dependent Variables 
 
The dependent variables are the 3 usual measures in studies on query performance. 
Performance is measured for each stage (query translation and query writing). The 
three measures include the primary measure of query accuracy, the supplementary 
measures of query time and the subject’s confidence in his answer.  
 
The accuracy of the answer, measured from 0 to 5, was determined separately by two 
graders. The separate grading provides an estimate of the reliability. The accuracy is an 
overall assessment. Both semantic and syntactic errors were considered. It is important 
to be consistent in the grading. For query translation, all three groups have the same 
marking scheme because the tasks for the three groups are the same. For query writing 
we have a marking scheme for both SQL and OQL because they have many 
similarities. There are also many overlaps in their errors. The graders discussed and 
decided on the marking schemes, which are presented in the next section. 
 
Time was recorded separately for every stage. The question was displayed one at a 
time. After the subjects understood the question, they clicked the button “Start 
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Selection”. Time for the query translation was measured from the moment the subject 
clicked the button “Start Selection” to the moment the subject clicked the button “End”, 
which indicated he or she had selected the query result from the interface. Time for the 
query writing was measured from the moment the subject finished the query 
translation task and click the button “Start Input” to the moment the subject indicated 
he or she had finished the query answer.  
 
After each answer, the system prompted the subject for his or her confidence in the 
accuracy of the answer. A “0” means absolutely no confidence while a “5” indicates 
total confidence. Every subject selects a number from 0 to 5. 
 
(3) Controlled Variables 
 
The controlled variables are task, system characteristics and user characteristics. Task 
was controlled by testing the performance of two stages. The first stage is query 
translation ─ users should select the right answer from the interface where instances 
are directly represented. The second one is query writing ─ users should write down 
the correspondence query syntax according to the data model. For the first two groups 
(relational model & OO model groups) every query covered two stages. For the third 
group (UML model group) every question just covered the first stage.  
 
System characteristics were controlled by having the same system for all three groups. 
For the query translation stage, this system presented the data model and the instances 
on the interface so that subjects could select the answer for the query questions. For the 
relational model, it presented the relational tables including rows of values; for the OO 
model, it presented the object diagrams including relationships and instance values; for 
the UML model, it presented the instance diagrams including relationships and 
attributes values. The subjects just need to click the answer they thought right and then 
the system would highlight the answer and record it automatically. For the query 
writing task, the system was essentially a simple text editor, customized to display the 
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queries and record the performance data. We did not use real systems that can parse the 
answers, point out errors, and return results because real systems had to be different 
and other factors would invalidate the experiment.  
 
User characteristics were controlled as follows: 63 subjects were randomly selected 
from a pool of first year undergraduate students from a computing faculty. They were 
randomized into three groups for the three data models. The number of subjects per 
group is comparable to the number of subjects used in many other similar studies, e.g., 
36 and 20 in Jarvenpaa and Machesky (1986), 44 (further divided into two groups 
randomly) in Shoval and Shiran (1997), 48 (further divided into two groups randomly) 
in Chan et al. (1998), 10 in Sirinvasan and Irwin (1999), 66 (further divided into three 
groups) in Liao and Palvia (2000).  
 
All the subjects had used computers before but had no database experience. On 
average, the students were 20 years old. We used monetary incentive for voluntary 
participation. Every one of them was paid for their participation. To motivate the 
subjects, they were informed that they would be awarded more money if they had 
more than 50% correct answers. This encouraged them to answer more carefully.  
 




Subjects were trained before they took the query tests. The training was conducted by 
the same administrator separately for each group. Three training booklets were used 
during the experiment. Training booklets of the first two groups (relational model and 
OO model groups) gave a brief overview of its data model and the query language. 
Training booklet of the third group (UML model group) gave a brief overview of its 
data model. To maintain consistency, the same database domain and sample queries 
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were used in all three booklets. Subjects practiced answering a question after each 
example. Feedback on query accuracy was given to improve learning before 
proceeding to the next example. The training continued until the booklet was 
completely covered. There are six sample queries and six practice queries in all the 
three training booklets. Time of training for the relational model group was one hour; 
time of training for the OO model group was also one hour; training for UML model 
group lasted just half an hour because there was no training section of a query 
language for this group. Different training times were allowed because the main 
objective was to have the subjects fully trained. This objective was also pursued in 





After a ten-minute break, the subjects had a practice session so that they could get 
familiar with the mechanics of the interface. For consistency, the subjects in each 
group were asked to construct the same set of queries using the same training database. 
 
For the test, subjects answered eight questions based on a new database domain. The 
program displayed the questions one by one. Subjects first finished the query 
translation and then the query writing for each query question. Answers were entered 
directly into the computer. Subjects could refer to the training material and use paper 
and pencil to help formulate the answers.  
 
All groups answered the same set of questions in exactly the same order. The 
logical-level group was given a relational schema of a set of relations, on paper, of the 
relational model. The two conceptual-level groups were given a diagram, also on paper, 
of the OO model or a class diagram of UML model. The test materials, the set of 8 
questions and the sample answers can be found in Appendix A and B. 
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Timing was automatically recorded by the test program. Immediately after each answer, 
the subjects were asked to type in a number of 0 (zero confidence) to 5(absolute 
confidence) to indicate their confidence in their answer. The query answers, the time in 
seconds, and the confidence level for each question were recorded by the computer. 
 
4.3.3 Marking Scheme  
 
The marking scheme used for this experiment is shown in Table 4-2. It was developed 
primarily from an analysis of errors found in the solutions. The frequently occurring 
errors were categorized based on the severity as minor, low, high and major (Smelcer, 
1995). Each answer could get a maximum of 5 and a minimum of 0 marks. The final 
mark for a certain question is calculated by deducting the cumulative penalties from a 




























Table 4-2. Marking Scheme 
 
Types of      Marks                Examples 
Errors       Deducted 
Major         5            select none of the right answers 
 
High        3 ~ 4           select small parts of the right answers/ 
                             select a lot of extra parts  
 
Low         2.5            select half of the right answers/ 
                             select half extra parts  
 
Minor       0.5 ~ 2         select most parts of the right answers/ 
                             select a few extra parts 
Scheme A: Query Translation (For Task 1) 
 
 
Types of      Marks                Examples 
Errors       Deducted 
Major         5           no attempt 
 
High        1.5 or 2        lacking join operation 
                          totally wrong path expression 
                          lacking of two occurrences of relation/class  
 
Low          1           wrong/extra relation/class in FROM clause 
 
Minor       0.5           incomplete selection of attributes 
                          various syntactic errors 
Scheme B: Query Writing (For Task 2) 
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The marking scheme for query translation is based on four classifications of errors, 
which is shown in Table 4-2－Scheme A. If subjects select none of the right answers, 
they will get 0 marks; if the correct answer consists of 5 parts and they select 3 correct 
parts, they will get 3 marks; if the correct answer consists of 10 parts, they will get 1.5 
marks for getting 3 correct parts. 
 
The marking scheme for query writing is similarly based on four classifications of 
errors, which is shown in Table 4-2－Scheme B. For example, if an attribute in a select 
clause is omitted in the sentence, it is considered as a minor error. If there is only one 
join operation in a query, 2 marks will be deducted for the lack of that join; if there are 
two join operations, 1.5 marks will be deducted for each missing join. 
 
We use different schemes for these two query tasks because the two query tasks are 
totally different and the errors occurred are not the same. If we use the same marking 
scheme for all the tasks and data models by estimating the data results for the query 
writing stage, the experiment statistical analysis results are still similar. This is 
consistent with the report by Chan and Wei (1996) that quite different marking 
schemes do result in essentially the same findings. Other marking schemes and 

















Data Analysis and Results 
 
This chapter reports the results of the statistical analyses on the experiment data. It is 
organized into two sections. The first section describes the statistical methods 
employed to perform the statistical analysis. The second section presents the results 
pertaining to the tests on the hypotheses. 
 
5.1 Statistical Methods 
 
SPSS Software 
We use SPSS, a statistical software, to do the data analysis in our experiment. 
 
The experiment data do not follow a normal distribution for both the query translation 
and query writing two stages, so we choose non-parametric data analysis. 
Non-parametric tests are used when the data do not lend itself to parametric statistical 
analysis because it is nominal or rank data, or is skewed, or the groups show unequal 
variance. We also tried parametric data analysis, the results are the same. 
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(1) Kruskal-Wallis Test 
The Kruskal-Wallis test is used to compare the scores on a variable of more than two 
independent groups. In our experiment there are three independent groups (relational, 
OO and UML groups) for the query translation stage. So the Kruskal-Wallis test is 
chosen. The data in terms of accuracy, time and confidence has been ranked, and the 
mean rank for each subject is given in a Ranks table. A chi-square value is shown in 
the Test Statistics table, with the df and probability value (Asymp. Sig.). This 
procedure tests whether there is significant difference among these three treatment 
groups, but it does not identify where the difference lies. In order to specify which 
group is different with other groups, we also use another non-parametric test to 
compare between each two groups.  
 
(2) Mann-Whitney Test 
The Mann-Whitney test compares the scores on a specified variable of two 
independent groups. The scores of the two groups are ranked as one set, the sum of the 
rank values of each subgroup is found and a U statistic is then calculated. In our 
experiment result table, we report a value for z with the associated two-tailed 
probability (p). There are two places in our tests where we use the Mann-Whitney test. 
The first place is: if there is a significant difference among the three groups at the 
query translation stage in terms of either accuracy, time or confidence, we used this 
test to further specify which group is different from the other groups (compare each 
two groups respectively); the second place is: we use this procedure to test whether 
there is a significant difference between user performance at the query writing stage 
for the relational and OO groups.  
 
(3) Wilcoxon Test 
When a within-subjects experiment is carried out and each subject has two scores, the 
Wilcoxon test is used to see whether there is a significant difference between the 
subjects’ scores under the two conditions. The test yields a z value, and this together 
with the relevant probability level is provided. In our experiment, we choose Wilcoxon 
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test to compare user performance at the query translation stage and the query writing 
stage. Every subject of the relational model group and the OO model group 
participated in these two query stages. So the test is used for them. 
 
5.2 Statistical Results  
 
(1) Two Sets of Accuracy Grades 
 
Two graders separately determined the accuracy of the subjects’ answers. The average 
grades for the 8 questions were given to each subject. The mean scores and the 
standard deviations (given in parentheses) for the subjects in the three groups are 
shown in Table 5-1. The Pearson’s correlation coefficients for every stage are also 
shown in the table. 
 
The average Pearson’s correlation coefficient for the two sets of accuracy scores from 
two graders is 0.97, which shows a high level of reliability for the grading results. 
Only the first set of grades was used for the subsequent tests. (We also test the 











Stage1 4.58 (0.43) 4.54 (0.45) 0.991 Relational Model 
Stage2 3.31 (0.53) 3.09 (0.55) 0.957 
Stage1 4.85 (0.29) 4.82 (0.35) 0.996  
OO Model Stage2 4.38 (0.56) 4.28 (0.54) 0.950 




(2) Mean and Standard Deviation of Three Measures 
 
The mean and the standard deviations (given in parenthesis) for the three dependent 
Table 5-1. Average Group Scores 
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variables of accuracy, time (seconds per query), and confidence of the three groups are 
















(3) Data Models / Language Comparison  
 
Non-parametric Kruskal-Wallis test was used for analyzing the user performance 
differences at the query translation stage in terms of accuracy, time and confidence 
across the relational, OO and UML groups. Table 5-3 shows the statistics. There is 
significant difference among the accuracy and time of the three groups. The higher the 
mean rank of accuracy, the more correct the query answers. The lower the mean rank 
of time, the less time subjects spend on finishing one task. There is no significant 


























































Because there is a significant difference among the three groups at the query 
translation stage in terms of accuracy and time, we used Mann-Whitney test to 
compare each pair of groups so that we can further specify which group is different 
from the others. The results are shown in Table 5-4. The accuracy of the relational 
group is significantly different from that of the OO and UML groups. The time for the 












Relational Model 21.52 39.50 34.15 
OO Model 35.58 40.25 29.83 
UML Model 38.00 18.30 32.02 
 
Test Statistics 
 Accuracy Time Confidence 
Chi-Square 12.279 20.239 0.793 
df 2 2 2 
Asymp. Sig. 0.002* 0.000* 0.673 
*Significant at p<0.01 
Table 5-3: Kruskal-Wallis test for Three Data Models  
             at the Query Translation Stage 
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Table 5-4. 2-Group Mann-Whitney tests for the Query Translation Stage  
 
Table 5-5 summarizes the significant differences among user performance of the three 
data models at the query translation stage. Any two groups underscored by the same 
line are not significantly different and the order of the three groups is set according to 
the value of the mean, that is, from the smallest mean (left) to the highest mean (right). 
So we can see the accuracy of the relational model is significantly different from that 
of the OO and UML models; the time for the UML model is significantly different 
from that of the relational and OO models; confidence has no significant difference 
across groups. For the query translation stage, hypothesis 1a was fully supported, 



























































Accuracy:   Relational Model  OO Model & UML Model 
Time:       UML Model  Relational Model & OO Model 
Confidence:  Relational Model  OO Model  UML Model 
 
Table 5-5. Differences among Three Data Models at Query Translation Stage 
 
Next we use the non-parametric 2 independent sample tests to compare the query 
writing performance of the relational and OO groups. The results are presented in 
Table 5-6. The Mann-Whitney test for the measure of accuracy detected significant 
effects for query writing (z=-4.639, p=0.000). The higher the measure for accuracy, the 
more correct the query answers. However, there were no significant effects for the 
measures of time and confidence. For the query writing stage, hypotheses 1a was fully 
























On the whole (Table 5-5 & Table 5-6), hypothesis 1a was totally supported, hypothesis 
2a was partially supported (subjects using the UML model spent significantly less time 
than subjects using the relational group at the query translation stage) and hypothesis 
3a was not supported. 
 
(4) Comparison Across Query Stages 
 
Table 5-7 reports the Wilcoxon signed ranks test results of each of the relational and 
Table 5-6. Mann-Whitney tests for Relational and OO Data Models  
at the Query Writing Stage  
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OO model groups across the query translation and query writing stages. Wilcoxon test 
for the three measures detected significant effects for each model. We have evidence to 
conclude that the mean differences for the three measures between first and second 
stages are all significant. We can see the z-values of accuracy and confidence are both 
based on positive ranks, which indicates the means of accuracy and confidence for the 
query translation stage are both higher than the means for the query writing stage. The 
z-values of time are based on negative ranks, which indicates that the mean of time for 










Relational Model z=-3.921ª 
P=0.000** 




 OO Model z=-2.952ª 
P=0.003* 




a  Based on positive ranks.               b  Based on negative ranks. 






















Chapter 6:  
 
Discussion and Implications 
 
This chapter discusses the significance of the research findings and interprets their 
implications. First it interprets the general results of the statistical tests and gives their 
implications for database research and development. Where applicable, the research 
findings are compared with those from previous studies.  
 
6.1 Comparison of Data Models / Language  
 
The results from our study provide strong empirical evidence that the subjects using 
data models at the conceptual level are significantly more accurate than those using a 
data model at the logical level at both the query translation and query writing stages 
(from Table 5-1 & Table 5-2, and shown in Figure 6-1). This observation corroborates 
previous studies (Chan et al., 1993; Wu et al., 1994), which used ER or OO model as 
the model of the conceptual level and the relational model as the model of the logical 
level to do query performance comparisons. The results also show that the UML model 
which is at the conceptual level achieved significantly better performance than the 
model (relational model) at the logical level in terms of time (from Table 5-1, and 
 shown in Figure 6-2), and we also find the subjects using UML model gave the answer 
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of data model and query language on user query performance, but their experiment 
tested only the performance of the query writing stage and they just assumed the 
performance at the query translation stage should be higher.  
 
In our experiment, we test the performance at the query translation stage and prove 
that average performance in terms of accuracy, time and confidence is significantly 
better than the performance at the query writing stage. This shows that even when 
subjects know what they want (the data structures and operations in the query 
translation stage), they have difficulties in putting that in the formal syntax required by 
a query language. And this applies to both the relational and OO groups. This shows 
that query writing is tougher than query translation. The query translation just requires 
subjects to know what elements of the data model are relevant, and the necessary 
operations; while, query writing requires subjects to arrange these into the syntax 
format required by the query language. Usually the more difficult a task, the lower 
accuracy and less confidence the subjects expressed; and the more difficult a task, the 
more time the subjects will spend on it.   
 
Accuracy, the most important measure in practice, for each query at both stages is 
given in Table 6-1. We find that many subjects with fully correct answers in stage 1 
made serious mistakes in stage 2, especially for some particular query operations. For 
query 1, 19 subjects in the relational model group had full grades in stage 1, and none 
of them make an error in stage 2; 20 subjects in OO group had full grades in stage 1, 
and only one of them make an error in stage 2; thus indicating convincingly that the 
SQL / OQL syntax does not introduce any additional difficulties for the projection 
operation (the only operation in query 1). For query 3 that has a join operation, all 20 
subjects in the relational model group had full grades for stage 1, but 6 of them made 
errors during stage 2; 18 subjects in the OO model group had full grades for stage 1, 
but half of them made errors during stage 2; this shows that both the SQL and OQL 
syntax for join operation had a negative impact on user performance. This is similarly 
shown in query 4. Similarly, the introduction of syntax difficulties is shown for the 
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other operations (repeated relation, group count, and not exist subquery). 
 
 Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 
Query 1 
Translation 










































(Note 1: number of fully correct answers. Note 2: number of the fully correct answers from 
stage 1 that have errors in stage 2, and their mean values.) 
Table 6-1. Query Accuracy for the Queries 
 
Also, the accuracy results of the relational model and OO model may be applied to the 
3-stage cognitive model shown in Figure 2-1. The effects of data model are on both the 
query translation stage and query writing stage. The effects of query language are just 
on query writing stage. The query performance is shown in Figure 6-3, to indicate the 
performance at different stages of the cognitive model. At stage 0, we assume all the 
subjects can get the meaning of query questions correctly (and so a value of 5 is given). 
At stage 1, the performance is based on the accuracy of query translation, as the 
accuracy of the first stage measured in the experiment. At stage 2, the performance is 
based on the accuracy of query written, which is the accuracy of the second stage 





At this point, we are able to return to the questions posed in Section 2.1, Chapter 2. 
Current literature on query performance provides comparison based on the overall 
query writing performance.  
 
1. How much of the overall drop in performance at the different query stages 
(from the ideal top score) can we attribute to the model alone, and how much to 
the particular query language within a model? At stage 1 (as shown in Figure 
6-3), the performance as measured shows a slight drop from stage 0 (9% for 
relational model, and 3% for OO model). At stage 2, the performance drops by 
a very large amount (28% for SQL, and 10% for OQL) compared to stage 1. 
These numbers are indicative of the relative difficulties imposed on the users 
by the data model, and by the query language. The syntactical requirements 
from SQL with the relational model and OQL with the OO model cause about 3 
times the difficulties caused by the data model alone. What we see here is that 
users basically do know what they want (and they can even perform the 
operations mentally to identify the right data values, on a small data set), but 

















Figure 6-3. Query Performance at Each Stage
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2. Findings do show that ER/OO models lead to better query results than the 
relational model, as seen in this study and in studies by Chan et al. (1993) and 
Wu et al. (1994). How much of this difference between the two groups can be 
attributed to the model, and how much to the language? As seen in this study, 
model alone only causes a small 0.27 (out of 5) difference in accuracy in the 2 
groups. But at stage 2, when the query language has to be added to the data 
model, the difference is a much bigger one 1.07. Thus, only about one third of 
the overall query difference across models/query languages can be attributed to 
the model, and the other two thirds to the language. This leads to the third 
question. 
 
3.  This study, as in other studies, shows a consistent finding that the OO/ER model 
is better than relational model for query performance. But one doubt that is 
raised in the introduction section is: instead of using SQL, can we get a better 
relational language such that the overall query performance will show no 
difference? We note that the relational model’s performance at stage 1 is higher 
than OO model’s performance at stage 2. From stage 1 to stage 2, the 
performance of the relational model descends more quickly than that of the OO 
model. This gives the conclusion that the relational query language heavily 
hinders performance at the query writing stage. So if a very good language can 
be found which imposes only a little syntax difficulty, then it could be possible 
that the overall query writing performance will show no difference across 
models. This will be a challenge for researchers who may want to explore the 
development of a more user friendly textual query language for the relational 
model. Of course, one possible ending that we may find is that the relational 
operations are just too difficult to express in a formal textual manner. But that 









Chapter 7:  
 
Conclusion and Future Research 
 
This chapter concludes this thesis. It points out the limitation of this study and suggests 
some related areas for further research.  
 
7.1 Conclusion and Implication 
 
A contribution of this research is to integrate a cognitive theory of database query with 
the empirical studies of the effects of data models and query languages. The data 
models of different abstraction levels have effects on user performance at both the 
stages of query translation and query writing, while query languages have effects on 
user performance at only the query writing stage. The experiment is the first to 
compare the query translation and query writing stages for the same data model. The 
findings confirm some postulations of previous researches (Chan, et al. 1998).   
 
We report on an empirical study that investigates the effect of conceptual level model 
versus logical level model for user-database interfaces. A good understanding of how 
the data models and query languages affect the user performance will enable the 
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database developer to choose and design interfaces that can provide effective and 
efficient support for end users. 
 
Current researches on user query performance have attributed differences in 
performance to a combination of data model and query language, without being able to 
say which has more impact. This study addresses this important issue. A common 
cognitive model of the query process is adopted to explain at which query stage the 
effects are likely to occur. By conducting an experiment that measures query 
performance at different stages of the query process, we demonstrated the specific 
impact of data model alone and the relative impact of query language within a model.  
 
The study shows that the data model itself has a relative small impact (about a third), 
and the query language has the remaining two thirds. It shows that generally users do 
know what they want, but are unable to express that in a formal query language. 
 
It also shows that, as seen in the performances at stage 1 and 2, it may be possible to 
achieve parity between OO and relational models, for query performance. This is 
provided that a good textual relational language can be found, one that will have 
minimal impact in the query writing stage. This is a challenging problem for 
researchers in the database and human-computer interaction area, and will have 
impacts on information system usage. 
 
In addition, the experimental study confirmed findings in the literature that data 
models at the conceptual level have significantly higher query accuracy than data 
models at the logical level. Furthermore, users using the UML model spent less time 
than users using relational model although there is no significant difference on the 
measure of time between relational model and OO model. The practical implication of 
the results for users and organizations is that object-oriented interfaces, by being more 
accurate for users, will lead to wider and more productive data utilization. The results 
also provide strong empirical evidence that conceptual interface is indeed better than 
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the logical interface. The experimental results show that users’ productivity, in terms of 
accuracy, can be significantly improved when they switch from a logical interface such 
as relational to a conceptual interface such as OO. With the conceptual interface, end 
users can also expect to have more control over their database resources.  
 
 
7.2 Limitations of this Study and Future Work 
 
There is one limitation to the findings, and which is common in other studies on query 
performance: the focus is on the data. The OO data model and UML data model used 
in our experiment were both limited to static data models. Other useful aspects of the 
data model, such as the dynamic properties of OO data model and UML data model 
which are expressed by methods, are not yet explored. Future research can study the 
effects of the methods on user performance, thus it can test whether those methods will 
increase the power and ease-of-use simultaneously. 
 
This experiment is conducted on subjects who have no prior database knowledge and 
experience. So the findings are applicable for novice users. In the future, we can 
extend the research to the experienced users who have the basic database knowledge 
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Appendix A:  
Database and Queries for the Experiment 
 
This appendix contains the data (in relations) used for query translation, the set of 
questions that were given to the subjects in the experiments and the sample answers to 
the questions.  
 
The data used for query translation: 
 Employee 
number name salary 
101 John 13000 
102 Simon 5000 
103 Jane 8000 
104 Anne 9000 
105 Alice 7500 
106 William 12000 
107 Erwin 6500 
108 Cathy 14000 
109 Henry 16000 
110 Ralph 7000 
111 Larry 10000 
112 Jason 20000 
113 Rachel 6000 
114 Joe 8500 
115 Phebe 10000 
116 Ross 9500 
117 Monica 5500 
118 Jack 15000 
119 Jerry 6000 
120 Kate 8000 
Work 













































































































number name city 
D001 Sales New York 
D002 Information Washington 
D003 Networking San Francisco
D004 Research Boston 
D005 Human Resource Miami 
D006 Financial Los Angeles 
Head 











P002 System Update 
P003 User Service System 
Engineer 
number profession 
106 Networking Engineer 
108 Computing Engineer 
109 Electronic Engineer 
111 System Analyst 
115 System Analyst 
Management 









101 Junior Manager 
112 General Manager 
118 Senior Manager 
A Company Information System 
1. Each employee has an identification number, name and salary. An employee works 
in one department. 
2. Some employees are engineers, and some are managers. We know every engineer’s 
profession and every manager’s rank.  
3. Each department has an identification number, name and the city where it is located. 
4. Each project has a unique project identification number and project’s name. 
5. Each engineer can head none or one or several projects. Each manager can head one 




1. Show the department name and city. 
2. Show the engineers’ names and professions. 
3. Show the names of employees who head any project. 
4. Show the names of employees who work in the sales department. 
5. Show the names of employees who work in the same department as Jack. 
6. Show the names of employees with higher salaries than Jack’s. 
7. List the names of managers who manage more than one department. 
8. List the names of engineers who do not head any project. 
 
Sample SQL Answers: 
 
1. SELECT DEPARTMENT.NAME, DEPARTMENT.CITY 
  FROM DEPARTMENT 
 
2. SELECT EMPLOYEE.NAME, ENGINEER.PROFESSION 
  FROM EMPLOYEE, EGINEER 
  WHERE EMPLOYEE.NUMBER=ENGINEER.NUMBER 
 
3. SELECT EMPLOYEE.NAME  
  FROM EMPLOYEE, HEAD 
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  WHERE EMPLOYEE.NUMBER=HEAD.ENGINEER_NUMBER 
 
4. SELECT EMPLOYEE.NAME 
  FROM EMPLOYEE, WORK, DEPARTMENT 
  WHERE DEPARTMENT.NAME=’SALES’ 
  AND WORK.EMPLOYEE_NUMBER=EMPLOYEE.NUMBER 
  AND WORK.DEPARTMENT_NUMBER=DEPARTMENT.NUMBER 
 
5. SELECT E1.NAME 
  FROM EMPLOYEE E1, EMPLOYEE E2, WORK W1, WORK W2 
  WHERE E1.NUMBER=W1.EMPLOYEE_NUMBER 
  AND E2.NUMBER=W2.EMPLOYEE_NUMBER  
  AND E2.NAME=‘JACK’ 
  AND W2.DEPARTMENT_NUMBER=W1.DEPARTMENT_NUMBER 
 
6. SELECT E1.NAME  
  FROM EMPLOYEE E1, EMPLOYEE E2 
  WHERE E1.SALARY>E2.SALARY  
  AND E2.NAME=‘JACK’ 
 
7. SELECT EMPLOYEE.NAME 
  FROM EMPLOYEE 
  WHERE EMPLOYEE.NUMBER=       
     (SELECT MANAGEMENT.MANAGER_NUMBER 
      FROM MANAGEMENT 
      GROUP BY MANAGEMENT.MANAGER_NUMBER 
      HAVING COUNT (*)>1) 
  
8. SELECT EMPLOYEE.NAME  
  FROM EMPLOYEE 
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  WHERE EMPLOYEE.NUMBER=  
     (SELECT ENGINEER.NUMBER 
      FROM ENGINEER 
      WHERE NOT EXIST 
         (SELECT * 
          FROM HEAD 
          WHERE HEAD.ENGINEER_NUMBER= ENGINEER.NUMBER) 
      )  
 
 
Sample OQL Answers: 
1. SELECT D.NAME, D.CITY 
  FROM DEPARTMENTS D 
 
2. SELECT N.NAME, N.PROFESSION 
  FROM ENGINEERS N 
 
3. SELECT N.NAME 
  FROM ENGINEERS N 
  WHERE IS_DEFINED (N.HEAD) 
 
4. SELECT E.NAME 
  FROM EMPLOYEES E 
  WHERE E.DEPARTMENT.NAME=’SALES’ 
 
 Or SELECT D.EMPLOYEE.NAME 
    FROM DEPARTMENTS D 
    WHERE D.NAME=’SALES’ 
 
5. SELECT E1.NAME 
  FROM EMPLOYEES E1, E1.DEPARTMENT D1, EMPLOYEES E2, E2.DEPARTMENT D2 
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  WHERE D1.NAME= D2.NAME 
  AND E2.NAME=‘JACK’ 
 
6. SELECT E1.NAME 
  FROM EMPLOYEES E1, EMPLOYEE E2 
  WHERE E1.SALARY> E2.SALARY 
  AND E2.NAME=’Jack’ 
   
7. SELECT M.NAME 
  FROM MANAGERS M 
  WHERE COUNT (M.MANAGE)>1 
 
8. SELECT N.NAME 
  FROM ENGINEERS N 
















Appendix B:  
Data Models for the Experiment 
 














Employee (number, name, salary) 
Engineer (number, profession) 
Manager (number, rank) 
Department (number, name, city) 
Project (number, name) 
Work (employee_number, department_number, date) 
Management (manager_number, department_number, date) 
Head (engineer_number, project_number, date) 




















































































Training Set for Relational Model and SQL 
 
1.1 Relational Model 
The relational model represents the data in a database as a collection of relations. 
Informally, each relation resembles a table or a simple file. For example, the following 






SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 
S4 Peter 70 
 
Part 
PNo PName Color Weight PCity 
P1 Nut Red 12 London 
P2 Bolt Green 17 Paris 
P3 Screw Blue 19 Rome 






Supplier (SNo, SName, Status) 
Part (PNo, PName, Color, Weight, PCity) 
Local_Supplier (SNo, District) 
Oversea_Supplier (SNo, SCity, Country) 
Agent (ANo, AName) 
Supply (SNo, PNo, Qty) 











SNo Scity Country 
S2 London England 
 
Supply 
SNo PNo Qty 
S1 P1 200 
S1 P2 150 
S2 P1 700 
S2 P3 400 
S2 P4 100 
S3 P1 800 
S3 P4 450 
















 The first relation shown is the “Supplier” relation. Each supplier has a supplier 
number (SNo), a supplier name (SName), and a status value (Status). SNo, SName, 
and Status are the attributes (or properties) of supplier. Supplier number (SNo), 
which is unique to supplier, is known as the key of the relation.  
 












relation. Those attributes that are common to both the local suppliers and oversea 
suppliers will be associated to the “Supplier” relation. Attributes which are 
specific to either local suppliers or oversea suppliers will be associated to 
“Local_Supplier” relation and “Oversea_Supplier” relation respectively. To get the 
name of a local supplier we have to match the supplier number (SNo) of the two 
relations. 
 
 Relation “Supply” serves to connect the “Supplier” and “Part” relations together. 
For example, the first row of table Supply connects a specific supplier from table 
S (namely, supplier S1) with a specific part from table P (namely, P1); in other 
words, it represents a supply of part P1 by the supplier called S1 (and the supply 
quantity is 200). Thus, each supply has a supplier number (SNo), a part number 
(PNo), and a quantity (Qty) 
 
 Similarly, relation “Authorize” connects the “Supplier” and “Agent” relations 
together.  
 
1.2 Structured Query Language (SQL) 
SQL is one of the query languages for relational database. We shall learn SQL by 
example and practice. 
 
1. Show the suppliers’ numbers and statuses. 
 
Supplier                                                                      
SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 
S4 Peter 70 
 
   SELECT Supplier.sno, Supplier.status 
   FROM Supplier  
 
This example demonstrates the simplest query in SQL where the query involves only 
one relation. The word in bold (i.e.SELECT & FROM) are keywords and must be 
entered to identify the operation. The various attributes (or properties) to be retrieved 










Practice: Show the parts’ numbers and color. 
 
Part 
PNo PName Color Weight PCity 
P1 Nut Red 12 London 
P2 Bolt Green 17 Paris 
P3 Screw Blue 19 Rome 
P4 Hammer Red 80 New York
 
2. Show the local suppliers’ numbers and statuses. 
 
Supplier                        Local_Supplier                                 
SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 
S4 Peter 70 
 
SELECT Local_Supplier.sno, Supplier.status 
FROM Supplier, Local_Supplier 
WHERE Supplier.sno = Local_Supplier.sno 
 
This example illustrates the commonest form of the SQL SELECT statement ─ 
“SELECT specified fields FROM a specified table WHERE some specified condition 
is true.” To retrieve the number, name and status of local suppliers, we need to join the 
relations “Supplier” and “Local_Supplier” together as the status attribute is only found 
in the “Supplier” relation. 
 
 
Practice: Show the oversea suppliers’ number and status. 
 
     Supplier                              Oversea_Supplier 
SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 
S4 Peter 70 









SNo Scity Country 
S2 London England 
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3. Show the name of the suppliers who supply part number P1. 
 
Supplier                           Supply                                     
SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 





   SELECT Supplier.sname 
   FROM Supplier, Supply 
   WHERE Supplier.sno = Supply.sno 
   AND Supply.pno = ‘P1’ 
 
If the query requires more than one condition, the conditions can be joined together 
using AND. Also note that the part number P1 is specified in quotes (i.e. ‘’). Quotes 
are required for alpha-numeric values but not for numeric values. 
 
Practice: Show the number and status of suppliers who supply red part.     
                    
    Supplier                                       Supply 
SNo SName Status 
S1 Smith 20 
 S2 John 10 
S3 Mike 20 
S4 Peter 70 









SNo PNo Qty 
S1 P1 200 
S1 P2 150 
S2 P1 700 
S2 P3 400 
S2 P4 100 
S3 P1 800 
S3 P4 450 
S4 P3 400 
SNo PNo Qty 
S1 P1 200 
S1 P2 150 
S2 P1 700 
S2 P3 400 
S2 P4 100 
S3 P1 800 
S3 P4 450 
S4 P3 400 
PNo PName Color Weight PCity 
P1 Nut Red 12 London 
P2 Bolt Green 17 Paris 
P3 Screw Blue 19 Rome 
P4 Hammer Red 80 New York
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4. Show the supplier number for those suppliers who have the same status as supplier 
S1. 
 
      Supplier                                                                    
SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 
S4 Peter 70 
 
   SELECT B.sno 
   FROM Supplier A, Supplier B 
   WHERE A.status = B.status 
   AND A.sno = ‘S1’ 
 
The specification of this query has to refer to the relation “Supplier” twice. In order to 
do this, we refer to “Supplier” relation twice using A and B. 
 
 
Practice: Show the part’s name which has the same color as part P1.  
 
    Part 
 PNo PName Color Weight PCity 
P1 Nut Red 12 London 
P2 Bolt Green 17 Paris 
P3 Screw Blue 19 Rome 
P4 Hammer Red 80 New York
 




   
   









SNo PNo Qty 
S1 P1 200 
S1 P2 150 
S2 P1 700 
S2 P3 400 
S2 P4 100 
S3 P1 800 
S3 P4 450 
S4 P3 400 
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FROM Supply 
GROUP BY Supply.sno 
HAVING COUNT (*) >1 
 
This example introduces another three new keywords ─ GROUP BY, HAVING, and 
COUNT (*). The GROUP BY operator is for rearranging the result into the minimum 
number of partitions or groups such that within any one group all rows have the same 
value for the GROUP BY column. The HAVING clause is “a WHERE_clause for 
groups”; i.e., HAVING is used to eliminate groups, just as WHERE is used to 
eliminate rows. COUNT (*) will count all rows in the group without any duplicate 
elimination. 
 
Practice: List the part number for those parts that are supplied by more than one 
supplier. 


















  (1) List the supplier number of those local suppliers that have no agent. 
   SELECT Local_Supplier.sno 
   FROM Local_Supplier 
   WHERE NOT EXIST 
        (SELECT * 
         FROM Authorize 
         WHERE Local_Supplier.sno= Authorize.sno) 
 
   (2) List the supplier number of those local suppliers that have agent. 
   SELECT Local_Supplier.sno 
FROM Local_Supplier, Authorize  
SNo PNo Qty 
S1 P1 200 
S1 P2 150 
S2 P1 700 
S2 P3 400 
S2 P4 100 
S3 P1 800 
S3 P4 450 







This example introduces the existence test predicate ─ EXIST, NOT EXIST implies 
a not existence test. The NOT EXIST predicate evaluates to true if the subquery 
evaluates to be the empty set, the value is false otherwise. Note that in this case, the 
subquery is allowed to use “SELECT *” instead of the normal “SELECT 
attribute_list”.  
 
Practice: List the name and status of supplier that does not supply any part. 
                                       Supply 
   Supplier                                 
SNo SName Status 
S1 Smith 20 
 S2 John 10 
S3 Mike 20 




















SNo PNo Qty 
S1 P1 200 
S1 P2 150 
S2 P1 700 
S2 P3 400 
S2 P4 100 
S3 P1 800 
S3 P4 450 
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Appendix D:  
Training Set for Object-Oriented Model and OQL 
 
1.1 Object-Oriented Data Model 
The OO data model supports the notion of classes, of objects with attributes and 
methods, of inheritance and specialization. For example, the following OO model 
represents the Supplier and Part database. 
 
 































































 This schema defines the class “Supplier”, “Supply”, “Part”, 
“Local_Supplier”, “Oversea_Supplier”, and “Agent”. These classes have 
the extents “Suppliers”, “Supplys”, “Parts”, “Local_Suppliers”, 
“Oversea_Suppliers” and “Agents” respectively. The extent is denoted by 
“the class name + s”.   
 
 Every class defines its own attributes and relationships. For example, the 
“Supplier” class defines the supplier number, supplier name, and status as 
attributes and the relationship “Supply”, which connects two classes 
“Supplier” and “Supply”. Similarly, there is a relationship between 
“Supply” and “Part” and a relationship between “Local_Supplier” and 
“Agent”. 
 
 “Local_Supplier” and “Oversea_Supplier” are subclasses of “Supplier”. 
The broken line arrows are used to denote the inheritance. Attributes 
which are specific to either local suppliers or oversea suppliers will be 
displayed in “Local_Supplier” class and “Oversea_Supplier” class 
respectively. Those attributes that are common to both the local suppliers 
and oversea suppliers will be associated to the “Supplier” class. These 
two classes inherit all the attributes and relationships of their parent class. 
To get the name of a local supplier we can directly retrieve the name from 
the “Local_Supplier” class instead of join the “Local_Supplier” class and 
the “Supplier” class together.  
 
1.2 Object Query Language (OQL) 
OQL is the way to access data in an Object-Oriented database. OQL is a 
powerful SQL-like query language with special features dealing with complex 
objects, values and methods. We shall learn OQL by example and practice. 
 
1. Show the suppliers’ numbers and statuses.  









SELECT S.sno, S.status 
   FROM Suppliers S 
 
 This example demonstrates the simplest query in OQL where the query 
involves only one class. The word in bold (i.e., SELECT & FROM) are 
keywords and must be entered to identify the operation. The various 
attributes (or properties) to be retrieved are separated by comma.  
SNo SName Status Supply 
S1 Smith 20  
S2 John 10  
S3 Mike 20  
S4 Peter 70  
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 In the FROM clause, remember to refer to the extent Suppliers, not the 
class name Supplier. 
 “S” is a variable that ranges over the objects in Suppliers.  
 In path expressions, “.” is used to access any property (either an attribute 
or a relationship) of an object. 
 
Practice: Show the parts’ numbers and color. 
Part 
PNo PName Color Weight PCity Supply 
P1 Nut Red 12 London  
P2 Bolt Green 17 Paris  
P3 Screw Blue 19 Rome  
P4 Hammer Red 80 New York  
 











SELECT L.sno, L.status 
FROM Local_Suppliers L 
 
The class “Local_Supplier” is the specialized class of “Supplier”. It has all the 
attributes (or properties) of its parent class. So the path expression, “.” is used 
directly to access the property of class “Local_Supplier”. 
 
 









SNo SName Status District Supply Agent
S1 Smith 20 D1   
S3 Mike 20 D2  ━ 
S4 Peter 70 D5   
SNo SName Status Scity Country Supply 
S2 John 10 London England  
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3. Show the name of the suppliers who supply part number P1. 
 
SELECT S.sname 
   FROM Suppliers S, S.supply W 
   WHERE W.part.pno = ‘P1’ 
 This example illustrates the commonest form of the OQL SELECT 
statement ─ “SELECT specified fields FROM a specified class WHERE 
some specified condition is true.”  
 “.” must be applied to a single object (that is a 1-1 relationship), never to 
a collection of objects. We can not write “S.supply.part” because supply is 
a list of references, so the interpretation of the result of this query would 
be undefined. We should use correlated variables in the FROM clause, i.e., 
“W.part”.  
 Also note that the part number P1 is specified in quotes (i.e. ‘’). Quotes 
are required for alpha-numeric values but not for numeric values. 
 







4. Show the supplier number for those suppliers who have the same status as 
supplier S1. 
 










   FROM Suppliers A, Suppliers B 
   WHERE A.status = B.status 
   AND B.sno = ‘S1’ 
 
 The specification of this query has to refer to the class “Supplier” twice. 
In order to do this, we refer to the two objects in “Supplier” class using A 
and B. 
  If the query requires more than one condition, the conditions can be 
joined together using AND. 
 
 
Practice: Show the part’s name which has the same color as part P1. 
 
Part 
PNo PName Color Weight PCity Supply 
P1 Nut Red 12 London  
P2 Bolt Green 17 Paris  
P3 Screw Blue 19 Rome  













SNo SName Status Supply 
S1 Smith 20  
S2 John 10  
S3 Mike 20  
S4 Peter 70  
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5. List the supplier number of those suppliers who supply more than one 
part. 
                                               Supply 
                                                                             
Supplier                                                                     







   SELECT S.no 
   FROM Suppliers S 
   WHERE COUNT (S.supply) >1 
 
This example introduces another new keyword ─COUNT ( ). It will count all 
rows in the object. In this graph, it counts how many lines connect these two 
classes. 
 








Supplier Qty Part 
 200  
 150  
 700  
 400  
 100  
 800  
 450  
 400  
SNo SName Status Supply
S1 Smith 20  
S2 John 10  
S3 Mike 20  
S4 Peter 70  
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6.                                  
Local_Supplier                                Agent 
 
 
   
(1) List the supplier number of those local suppliers that have no agent. 
 SELECT L.sno 
   FROM Local_Suppliers L 
   WHERE is_undefined (L.agent)  
(2) List the supplier number of those local suppliers that have agent. 
   SELECT L.sno 
   FROM Local_Suppliers L 
   WHERE is_defined (L.agent) 
 
These two examples illustrate the result of accessing a property of a nil object 
is UNDIFINED and accessing a property of a not nil object is DEFINED. 
 
Practice: List the name and status of supplier that does not supply any part. 
                                               Supply 
                                                                             
Supplier                                                                     












SNo SName Status District Supply Agent
S1 Smith 20 D1   
S3 Mike 20 D2  － 
S4 Peter 70 D5   
Local_Supplier ANo AName
 A1 Marry 
 A2 Jason 
Supplier Qty Part 
 200  
 150  
 700  
 400  
 100  
 800  
 450  
 400  
SNo SName Status Supply
S1 Smith 20  
S2 John 10  
S3 Mike 20  
S4 Peter 70 ─ 
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Appendix E: 
 Training Set for UML Model 
  
UML is Unified Modeling Language. It is made up of views, diagrams, model 
elements and general mechanism. UML defines 9 types of diagrams. Here we 
just introduce Class Diagram. The following class diagram represents a 































UML Data Model 
 
 
 In this graph “Supplier”, “Part”, “Local_Supplier”, “Oversea_Supplier” 
and “Agent” are all classes. Every class has attributes and connects with 
other class. There are many ways for classes to be linked. In this model, 
there are two link relations: association and generalization. Association 
is denoted using a real line “          ”, which connects two classes 
and there are labels at two ends of the line. Generalization is denoted 
using a real line and an arrow “ ”, which means one class is 
the special set of another class. 
 
 The “Supply” is the association class of “Supplier” and “Part” classes. It 
can have its own attribute, e.g Qty. 
 
 The “Local_Supplier” and “Oversea_Supplier” are the special sets of the 
class “Supplier”. They inherit all the attributes of the class “Supplier”. i.e., 
the class “Supplier” is the generalization of those two classes.  
 
 Multiplicity of association: That means the association of one class and 
another class could be one to one, one to n and n to n relationship. It can 
be denoted as following: 
Exactly one: 1     Zero or more:  0..* 
















    
Practice: Show the parts’ numbers and color. 
 










SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 
S4 Peter 70 
PNo PName Color Weight PCity 
P1 Nut Red 12 London 
P2 Bolt Green 17 Paris 
P3 Screw Blue 19 Rome 
P4 Hammer Red 80 New York
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Practice: Show the oversea suppliers’ number and status. 
 
       Oversea_Supplier 
 
 
3. Show the name of the suppliers who supply part number P1. 
 
 




SNo SName Status District
S1 Smith 20 D1 
S3 Mike 20 D2 
S4 Peter 70 D5 
SNo SName Status Scity Country 
S2 John 10 London England 
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    Practice: Show the part’s name which has the same color as part P1.  
 
    Part 
 PNo PName Color Weight PCity 
P1 Nut Red 12 London 
P2 Bolt Green 17 Paris 
P3 Screw Blue 19 Rome 











SNo SName Status 
S1 Smith 20 
S2 John 10 
S3 Mike 20 
S4 Peter 70 
 97
Practice: List the part number for those parts that are supplied by more than 
one supplier. 
 
6. List the supplier number of those local suppliers that have no agent. 
 
 






Another Two Marking Schemes and the  
Corresponding Statistical Analysis Results 
 
The prior experiment results use accuracy measures according to the marking 
scheme presented in Table 4-2, which specifies different marking schemes for two 
different query stages. So here a question is raised: are the statistical findings 
across stages due to the actual difference in user performance or due to the 
different marking schemes for the two query stages? In order to clarify this 
question, besides the marking scheme in Table 4-2, we try two other marking 
schemes which define the same schemes for both query stages.  
 
F.1 Marking Scheme A and Its Statistical Results 
 
Table F-1 shows marking scheme A. We give the subject 1 or 0 mark to their 
answer at both query stages, that is, if they get the totally right answer, they get 









Get totally right answer 
0 Not the same as the sample answer 
Table F-1: Marking Scheme A 
 
Using this marking scheme, we get the accuracy of these three groups. The 
following Table F-1a presents the mean and the standard deviations (given in 























We use the non-parametric Kruskal-Wallis test for analyzing the differences of the 




We use Non-Parametric Mann-Whitney tests to compare user performance of 






Query Writing z=-2.319  P=0.023* 
 
* Significant at P<0.005 
 




Relational Model 22.30 
OO Model 35.40 






Asymp. Sig. .005* 
* Significant at p<0.001 
 
Accuracy: Relational Model OO Model & UML Model
Table F-1b: Results of Kruskal-Wallis test for Accuracy Measure 
Table F-1a: Mean (Standard Deviation) of Accuracy 
 100
Models at the Query Writing Stage 
 
Table F-1d presents the analysis results of Wilcoxon test for relational model and 







Relational Model z=-3.864ª  P=0.000* 
OO Model z=-3.001ª  P=0.003* 
 * Significant at p<0.001 
(ª Based on positive ranks) 
Table F-1d: Non-Parametric Wilcoxon Signed Ranks Test for Two Query Stages 
 
We can get the following conclusion from the statistical results:  
1. For query translation stage, the mean accuracy of relational model group is 
significantly lower than the means of OO model group and UML model group 
(Table F-1b); 
2. For query writing stage the accuracy of OO model is significantly higher than 
that of the relational model (Table F-1c); 
3. The accuracy for the stage of query translation is significantly higher than that 
of the query writing for both relational model group and OO model group 
(Table F-1d).  
All these conclusions are exactly the same with those deduced from the first 
marking scheme (Table 4-2). 
 
F.2 Marking Scheme B and Its Statistical Results 
 
Table F-2 shows marking scheme B. For query translation stage, we use the same 
scheme as Table 4-2. So the accuracy of the query translation is the same with the 
results in the “Statistical Analysis” section. The difference of Scheme B and the 
original scheme (Table 4-2) lies in the query writing stage. Scheme B sets the 
same marking rules for both query stages.  
Query translation stage  Mark using scheme as Table 2-A 





1. For each SQL/ OQL answer, calculate the data 
that would be extracted from the instances/data 
tables in the first part. 
2. Mark the data according to the same scheme used 
for the query translation stage.*   
 
* As long as they get the right query results, we give them full marks. 
Table F-2: Marking Scheme B 
 
Since the results of the first stage are the same with previous study, here we don’t 
compare the three groups any more. The differences are the accuracy of relational 
model and OO model. 
 
The following Table 6-2a presents the mean and the standard deviations (given in 











Table F-2a: Mean (Standard Deviation) of Accuracy 
 
We use non-parametric Mann-Whitney tests to compare the relational model and 






Query Writing z=-3.307  P=0.001* 
 
      * Significant at p<0.005  Table F-2b: Non-Parametric Mann-Whitney tests for the Relational  
and OO Models at the Query Writing Stage  101
 
Table F-2c presents the analysis results of non-parametric Wilcoxon signed ranks 







Relational Model z=-3.922ª  P=0.000** 
OO Model z=-3.301ª  P=0.001* 
*Significant at p<0.005  ** Significant at p<0.001  
(ª Based on positive ranks) 
Table F-2c: Non-Parametric Wilcoxon Signed Ranks Test for Two Query Stages   
 
 
We can get the following conclusion from the statistical results:  
1. For query writing stage the accuracy of OO model is significantly higher than 
that of the relational model (Table F-2b); 
2. The accuracy for the stage of query translation is significantly higher than that 
of the query writing for both the relational model group and the OO model group 
(Table F-2c).  
 
These results are also the same with those deduced from the first marking scheme 
(Table 4-2). 
 
In summary (according to both F.1 and F.2), the experiment statistical analysis 
results are consistent for different marking schemes, and we can be quite sure that 
the difference across stages is a result of different user performance. This is also 
consistent with the report by Chan and Wei (1996) that quite different marking 
schemes do result in essentially the same findings. 
 
 
